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Abstract 
Spectral pattelllB were obtained for zoned dolomite 
and unwned calcite gangue, and dolostone breccia frag-
ments from the Right Fork area in the central Tennesse.e 
zinc district (U.S.A.). The samples had been analyzed 
previously for Fe, Mn, and other trace elements using a 
synchrotron XRF probe. Spectra were obtained for 
zoned dolomite, breccia fragments, and unzoned calcite 
using an ELM2-B cold-cathode Luminoscope attache.d to 
an Oriel Multispec Compact Spectrograph. Spectra ob-
tained for the prominent dolomite zones, which lumi-
nesce medium-bright to bright red to the eye, reveale.d 
a broad peaJc in the vicinity of 460 nm and a more in-
tense peak in the vicinity of 655 nm. Several trial least 
squares spectral decompositions suggest that the spectra 
are composites of five peaks. The broad peak at 460 nm 
appears to consist of two peaks at 439 nm and 546 nm. 
The intense peak at 655 nm, which is normally assigne.d 
to Mn, appears to have two less intense peaks as shoul-
ders at 704 nm and 727 nm. These shoulders do not ap-
pear to be artifacts. They may be due to additional 
Mn2 + peaks or to the presence of Mn in a higher va-
lence state. Fe, which is assumed to quench Mn-acti-
vated luminescence in carbonates, produces peaks in 
orthoclase and plagioclase which are very close to the 
peaks observed here. The integrated intensities for the 
peak at 655 nm appear to be related most closely to 
Fe/Mn ratios. In spite of a three-fold difference in the 
intensity of the dominant peak, as recorded by the spec-
trograph, differences in intensity from sample to sample 
were not obvious to the eye. 
Key Wor~: Cathodoluminescence, trace element 
analysis, spectral analysis, spectral decomposition. 
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Prior to the availability of the first commercial 
instruments for obtaining cathodoluminescence (CL), 
Potosky and Kopp (1970) built a home-made CL device. 
Their observations of crystal zoning in coarse-grained 
Knox Dolomite lead them to conclude that, • Since some 
workers believe the coarsely crystalline dolomite to be 
closely related to zinc deposits of the Mississippi Valley 
type, textures which might be revealed by luminescence 
could be of importance.• Cathodoluminescence has 
been especially useful in the study of Mississippi Valley-
type (MVT) ore deposits because it reveals (microstrati-
graphic) wnation patterns which cannot be observed 
with ordinary light or crossed polars. The distinctive 
z.onation pattern in east Tennessee made it possible to 
trace mineralization from the Mascot-Jefferson City 
district to the Copper Ridge district over a distance of 
nearly 48 km (Ebers, 1973, 1976; Ebers and Kopp, 
1979). 
The results of several cathodoluminescence micros-
copy (CLM) studies of dolomite and calcite gangue min-
erals, and dolostone breccias in Tennessee were summa-
rized by Kopp et al. (1986). In the Mascot-Jefferson 
City district, in east Tennessee, the gangue carbonates 
are dominated by dolomite with only minor, late calcite. 
In the Elmwood mine, in the central Tennesse.e district, 
calcite gangue dominates with only minor dolomite. An 
area that was subject to intense exploration, known as 
the Right Fork area, is located in Jackson and Overton 
Counties, Tennessee, approximately 40 km northeast of 
the Elmwood mine in the central Tennesse.e zinc district. 
The Right Fork area contains both z.oned dolomite and 
unzoned calcite gangue in sube.qual amounts. The rela-
tionship of the Right Fork area to well-established dis-
tricts to the east and west is of interest because it may 
be part of a larger, regional mineralized trend extending 
over 200 km (Kopp et al., 1986). 
Although z.onation pattelllB in the three mineralized 
areas described above had been established during the 
1970's and early 1980's, relatively little information was 
available concerning their trace element compositions. 
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Table 1. Summary of peak positions. 
Number Material• CL colort Fe (ppm) Mn (ppm) Fe/Mn Pk 1 Pk2 Pk 3 Pk4 Pk 5 
37380 4 MBR 2814 148 19.01 439 543 653 702 726 
37381 4 MBR 2814 148 19.01 436 545 655 705 726 
37400 4 MBR 2528 220 11.50 430 523 652 703 726 
37500 4 MBR 2438 305 8.00 435 527 650 699 728 
37501 4 MBR 2438 305 8.00 430 525 650 700 726 
37520 4 MBR 2154 325 6.60 438 542 653 704 727 
37521 4 MBR 2154 325 6.60 429 530 654 707 727 
37930 4 MBR 1984 929 2.10 429 525 650 702 725 
37940 4 MBR 1918 665 2.90 435 553 649 699 725 
X= 433 535 652 702 726 
S(X) = 4 11 2 3 1 
37410 5 DR 29045 645 45.00 433 532 652 702 727 
37411 5 DR 29045 645 45.00 440 554 657 704 727 
37480 5 DR 7727 260 29.70 489 623 681 714 730 
37481 5 DR 7727 260 29.70 450 586 668 709 728 
37490 5 DR 7398 263 28.10 450 566 660 705 728 
X= 452 572 664 707 728 
S(X) = 22 34 11 5 1 
37460 6 BR 2042 170 12.10 440 546 656 707 728 
37470 6 BR 2121 197 10.80 446 528 652 702 726 
38100 6 BR 1969 538 3.70 434 544 652 705 727 
X= 440 539 653 705 727 
S(X) = 6 10 2 3 1 
37950 B MBR-MR 2533 117 21.70 440 548 656 708 728 
37960 B MBR-MR 572 67 8.50 432 543 654 708 728 
38010 B MBR-MR 570 54 10.60 433 544 654 704 728 
38060 B MBR-MR 556 47 11.80 434 534 648 699 725 
X= 435 542 653 705 727 
S(X) = 4 6 3 4 2 
All X= 439 546 655 704 727 
dolomite: S(X) = 13 23 7 4 1 
37900 C MBO 22 54 0.41 417 474 619 698 725 
37910 C MBO 23 45 0.50 416 475 621 700 724 
37920 C MBO 33 44 0.80 419 478 619 692 724 
38070 C MBO 55 53 1.00 418 475 615 696 726 
38120 C MBO 33 66 0.50 418 477 619 693 723 
X= 418 476 619 696 724 
S(X) = l 2 2 3 1 
14, 5, and 6 refer to individual CL zones; B = breccia; C = calcite. 
tDR = dark red; MR = medium red; MBR = medium-bright red; BR = bright red; MBO = medium brownish 
orange. All visually determined. 
Peak positions in nanometers (nm). 
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Interpretation of cathodoluminescence spectra 
Table 2. Summary of integrated peak areas. 

































































































































































































































































































•4, 5, and 6 refer to individual CL zones; B = breccia; C = unzoned calcite. 
tpeak areas in arbitrary units believed to be directly proportional to the number of photons collected in each channel. 
On the one hand, the nature of the samples, which con-
tain breccia fragments, zoned gangue carbonates (with 
zones often < 100 µm wide), and ore minerals made it 
impossible to use bulk methods of analysis to determin.e 
the compositions of individual zones. On the other 
hand, the relatively high detection limits (lOO's of ppm) 
for elements such as Fe and Mn, made the use of the 
electron microprobe of limited value. Cobb (1974) at-
tempted to analyze some of the luminescent zones in the 
Mascot-Jefferson City district with limited success. 
More recently, devices such as the Synchrotron 
X-ray fluorescence (SXRF) analyzer have become avail-
able for use. Such devices are ideally suited to analyze 
luminescent zones. They are capable of analyzing spots 
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< 30 µm in diameter and have detection limits in the 2 
to 3 ppm range for elements such as Fe and Mn. A de-
tailed description of the SXRF analytical method and the 
analytical results for three prominent zones (arbitrarily 
numbered 4, 5 and 6), dolomitic breccia, and unz.oned 
calcite in several samples from the Right Fork area was 
presented by Kopp et al. (1990). In zoned dolomite 
gangue, reported concentrations for Fe range from 1,229 
to 35,676 ppm and Mn concentrations range from 170 
to 929 ppm. In breccia fragments, Fe concentrations 
range from 283 to 762 ppm and Mn concentrations 
range from 31 to 95 ppm. In unzoned calcite gangue, 
Fe concentrations range from 20 to 55 ppm and Mn con-
centrations range from 44 to 66 ppm. Zone 4, which lu-
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minesces medium bright red (visually), has an Fe/Mn 
ratio in the range 2.1 to 11.5. Zone 5, which lumines-
ces da.rk red, has an Fe/Mn ratio in the range 28.1 to 
45.0. Zone 6, which luminesces bright red, has an 
Fe/Mn ratio in the range 3.2 to 12.0. Breccia, which 
luminesces medium-bright red to medium red, has an 
Fe/Mn ratio in the range from 8.50 to 11.80 (note that 
a rind on one of the breccia fragments, which was al-
tered by the ore-forming fluids, has an Fe/Mn ratio of 
21. 70). The unzoned calcite has very low Fe/Mn ratios, 
ranging from 0.41 to 1.00. By way of comparison, 
Buelter and Guillemette (1988) determined average Fe 
concentrations from 6,033 to 21,549 ppm and average 
Mn concentrations from 365 to 2,833 ppm for sparry 
dolomites in the Bonneterre Formation in southeastern 
Missouri (U.S.A.). Mason (1987) observed lumines-
cence for calcites containing 25 to 75 ppm Mn, very 
close to the range determined for our calcites. 
Still more recently, spectral data were obtained for 
the three dolomite rones, breccia fragments, and un-
roned calcite using an ELM2-B cold-cathode Lumino-
scope attached to an Oriel Instruments (Stratford, CT) 
Multispec Compact Spectrograph, which disperses in-
coming light so that it may be sampled by a PARC 
Model 1455B-700-HQ intensified linear diode array 
(Princeton Applied Research Corp., a subsidiary of 
EG&G, Princeton, NJ). The collection times were 0.25 
seconds and the channel widths were 2.3 nanometers 
(nm). The leaded glass window of the Luminoscope 
resulted in cut-offs at approximately 380 and 750 nm. 
Preliminary results of these analyses were presented at 
a Symposium on the Geology and Geochemistry of Mis-
sissippi Valley-type Ore Deposits held at the University 
of Missouri-Rolla (Kopp et al., 1993). 
The purpose of this paper is to present a more thor-
ough discussion of the combined results of CLM, chemi-
cal analysis using SXRF, and spectral analysis for sam-
ples from the Right Fork area. The reader should keep 
in mind that the relationships between trace element 
chemistry and luminescent colors and intensities are very 
complex. Machel and Burton (1991) note that there are 
at least 26 factors that govern CL color, intensity and 
ronation of diagenetic carbonates. The results of our 
study are confined to relationships between the concen-
trations of Fe and Mn, the Fe/Mn ratio and the CL col-
ors and intensities for roned dolomite and breccia frag-
ments, and unzoned calcite gangue from a mineralized 
area within the central Tennessee zinc district. 
Results 
Summary of CL, chemical and spectral data 
Spectral data were obtained from a total of 26 spots 
(25-30 µmin diameter) in the samples studied, including 
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nine analyses of rone 4, five analyses of rone 5, three 
analyses of zone 6, four analyses of breccia fragments 
and five analyses of unzoned calcite. Note that of the 
total number of analyses, five were performed on differ-
ent spots in the same zone in the same specimen in order 
to determine the reproducibility of the results. Table 1 
provides the following information: sample number, ma-
terial analyx.ed, CL color (visually determined), Fe con-
centration (ppm), Mn concentration (ppm), Fe/Mn ratio, 
and the positions (in nm) of the five peaks determined 
through bpectral decomposition. Replicate analyses are 
denoted by a "1 • in the final place of the five-digit 
sample number. Table 1 also lists the means and stand.-
ard deviations for the peak positions for each of the 
individual dolomite zones and for the breccia, as well as 
the grand mean and standard deviation for all the dolo-
mite zones and dolomitic breccia fragments combined. 
Also provided are the means and standard deviations for 
peaks for the unzoned calcite. Table 2 provides addi-
tional information concerning the peak areas (in arbitrary 
units, which are proportional to the number of photons 
collected in each channel) for each of the five peaks 
determined by spectral decomposition and the sum of the 
areas under all of the peaks. 
Spectral decomposition 
The largest number of spectra were obtained for 
zone 4 dolomite, which luminesces medium bright red 
to the eye. A typical spectral pattern is shown in Figure 
1. Upon casual inspection, the spectrum appears to 
comprise two peaks: a broad, relatively flat peak in the 
vicinity of 460 nm and a more intense peak in the vicin-
ity of 655 nm. Closer inspection reveals two small 
shoulders on the right (longer wavelength) side of the 
peak at 655 nm and the broad peak (at about 460 nm) 
appears to be too broad to consist of a single peak. The 
most common explanation for the peak at 655 nm is Mn 
activation. The broad peak in the vicinity of 460 nm 
may be due to rare earth elements, less common activa-
tors (such as Zn or Sn), or interstitial Mn (Amieux, 
1982), or it may be intrinsic luminescence of the dolo-
mite lattice. Based on the location from which the sam-
ples were taken, Zn might be anticipated to be a com-
mon trace element; however, neither Zn nor rare earths 
were detected in many of the samples by SXRF. 
An attempt was made to determine whether individ-
ual spectra comprise more than two peaks. In so doing, 
an assumption was made that each of the individual com-
ponent peaks were Gaussian in nature (the results made 
using Gaussian fits were compared to the results of 
Lorentzian fits to determine if component peaks might 
have a different characteristic form; however, the results 
of those spectral decompositions were not satisfactory). 
Optimum values of peak position ( centroid wavelength), 







/ \ ;;; c ~ .5 8000 6000 
f"~J I 4000 
2000 / 
0 
350 "00 450 500 550 600 650 700 750 
wavelenglh, nm 
Figure 1. Spectrum obtained for zone 4 dolomite, 
sample number 37520. 
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width and height of each band were evaluated by itera-
tive approximations to produce the best correlation be-
tween the summation and the original spectrum in each 
case. Spectral decompositions were attempted, assuming 
that each spectrum was composed of 2, 3, 4, 5, 6 and 7 
bands. Statistical analysis of the results are shown in 
Figure 2, which strongly suggests that S bands are 
"necessary and sufficient" to achieve the minimum least 
squares deviation fit to the envelope data {Fuller and 
Smyrl (1990) proposed the term "necessary and suffi-
cient" in a discmsion of profile fitting in a study of 
hydrogen bond structures in coal}. An example of a de-
composed dolomite spectrum is shown in Figure 3. It 
is on the basis of similar spectral decompositions that the 
positions and peak areas shown in Table 2 were deter-
mined. To the best of our knowledge, the shoulder 
peaks are not instrumental artifacts. 
Relationships between peak areas and trace element 
composition 
In order to determine whether any relationships exist 
between peak areas and chemical composition, the inte-
grated peak areas for each of the five peaks in each sam-
ple was plotted with respect to the concentrations of Fe 
and Mn, and to the Fe/Mn ratio, determined previously 
for that sample using SXRF analysis (Kopp et al., 
1990). Note that during the SXRF analyses, other ele-
ments were detected in some of the samples, including 
rare earth elements; however, it was not possible to 
quantify their concentrations. The presence or absence 
of other trace elements did not appear to affect peak 
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Figure 2. Statistical evaluation of number of hands used 
in composite fit. 
In the comparisons which follow, the most intense 
peak, in the vicinity of 655 nm for dolomite and breccia, 
and 619 nm for calcite, will be considered first, fol-
lowed by the two shoulder peaks in the vicinity of 704 
nm and 727 nm, respectively, for dolomite and breccia. 
The peaks in the vicinity of 439 nm and 546 nm for dol-
omite and breccia will be considered next. Finally, the 
total area (integrated area under all the peaks) will be 
considered. 
Sources of error: Several sources of error may 
contribute to uncertainties when attempting to relate 
intensity data and trace element compositions in the sam-
ples studied. These include: the analytical precision of 
the SXRF analyses; the effects of elements which were 
not analyzed ( adsorption and enhancement); the presence 
of liquid and/or soiid inclusions; physical imperfections 
such as holes and fractures; inhomogeneous luminescent 
zones; grain orientation effects; sector growth; stray 
luminescence from adjacent zones; enhanced lumines-
cence due to stress; etc. 
The only source of error for which the magnitudes 
are known are the analytical precisions of the SXRF 
analyses. Based on a study of data collected at The 
Brookhaven National Laboratory (Kopp et al., 1990), 











the analytical precisions are estimated to be ± 10% 
(relative) for Mn and ± 20% (relative) for Fe. The 
magnitude of other errors is not known; however, every 
attempt was made to properly identify the phases ana-
lyzed and to avoid areas that displayed undesirable phys-
ical or luminescent properties (e.g., the presence of solid 
inclusions). 
Relationships between Fe, Mn, Fe/Mn and the 
most intense peak: The relationships between composi-
tions and integrated peak areas for the most intense peak 
in the vicinity of 655 nm for dolomite and breccia frag-
ments ( data for calcite are included in these figures even 
though those peak positions are at slightly shorter wave-
lengths) are illustrated in Figure 4 (for Fe), Figure 5 
(for Mn) and Figure 6 (for the Fe/Mn ratio). In the 
case of Fe (Fig. 4), there appear to be 4 distinctly 
different populations, i.e., from the lowest to the highest 
Fe concentrations: calcite < breccia < (z.ones 4 and 6) 
< z.one 5 (note that the breccia fragment with an altered 
rind falls into the same Fe concentration range as z.ones 
4 and 6, suggesting that the ore-forming fluid may have 
added Fe, and Mn, to the host breccia fragments). For 
Mn (Fig. 5), calcite contains the lowest Mn concentra-
tions. A "linear" (on a log vs. log basis) relationship 
between Mn concentrations and peak areas exists for 
z.ones 4 and 6; however, the peak intensities for z.one 5 
are lower than those of :zones 4 and 6 by about 5x, in 
spite of their relatively high Mn concentrations (approxi-
mately 200 to 800 ppm). When the area of the most in-
tense peak is compared to the Fe/Mn ratio (Fig. 6), a 
"linear" (log vs. log) relationship is observed for all 
three dolomite :zones and the breccia fragments. 
Similar relationships, which exist for the calcite 




Figure 3. Deconvoluted dolomite 
spectrum for sample number 
37500. 
are expanded (note that the figures are plotted on true 
linear scales). Figure 7 illustrates a slight decrease in 
peak area with increasing Fe concentration, while Figure 
8 reveals virtually no relationship between peak area and 
Mn concentration. Figure 9 reveals a very good linear 
relationship between peak area and the Fe/Mn ratio. 
Frank et al. (1982) suggest that it is the ratio of Fe/Mn 
and not the absolute concentrations of either Fe or Mn 
that controls the luminescent intensity displayed by cal-
cite. Our results support their conclusion. In addition, 
a slight decrease in intensity with increasing Fe concen-
tration was noted. The Fe/Mn ratios for all five calcite 
spots analyzed are equal to or less than 1. Low Fe/Mn 
ratios are to be expected for calcite, since the size of the 
Mn2 + ion is closer to the size of the ea2+ ion than is 
Fe2+. 
Correlation coefficients (r2) are given in Table 3 for 
several of the relationships between luminescence inten-
sity and concentrations of Fe and Mn, and the Fe/Mn 
ratio discussed in this paper. 
Relationships between Fe, Mn, Fe/Mn and the 
shoulder peaks: As reported in Table 1, each of the 
spectra for dolomite, breccia fragments and un.zoned cal-
cite appears to have two small shoulder peaks on the 
longer wavelength side of the most intense peak. The 
shoulder peaks occur in the vicinity of 704 nm and 727 
nm for :zoned dolomite and the dolomitic breccia. The 
relationships for the peaks in the vicinity of 704 nm are 
illustrated in Figure 10 (for Fe), Figure 11 (for Mn), 
and Figure 12 (for the Fe/Mn ratio). The relationships 
for the peaks in the vicinity of 727 nm are illustrated in 
Figure 13 (for Fe), Figure 14 (for Mn), and Figure 15 
(for the Fe/Mn ratio). So far as we are aware, these 
peaks are not instrumental artifacts. Comparison of the 
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Figure 7. Plot of Fe (ppm) vs. peak area at 619 nm for 
unroned calcite. 




















Figure 8. Plot of Mn (ppm) vs. peak area at 619 nm 
for unroned calcite. 
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Figure 9. Plot of Fe/Mn vs. peak area at 619 nm for 
unzoned calcite. 
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Table 3. Correlation coefficients (r2) for selected plots. 
Relationships r2· 
Fe vs. peak at 655 nm (dolomite) 0.14 
Mn vs. peak at 655 nm (dolomite) 0.32 
Fe/Mn vs. peak at 655 nm (dolomite) 0.45 
Fe vs. total peak area (dolomite) 0.19 
Mn vs. total peak area (dolomite) 0.22 
Fe/Mn vs. total peak area (dolomite) 0.49 
Fe/Mn vs. peak at 704 nm (dolomite) 0.26 
Fe/Mn vs. peak at 727 nm (dolomite) 0.28 
Fe vs. peak at 619 nm (calcite) 0.73 
Mn vs. peak at 619 nm (calcite) 0.06 
Fe/Mn vs. peak at 619 nm (calcite) 0.96 
•correlation coefficients calculated using Microsoft 
EXCEL, v. 4.0 
results of spectral decomposition reveal that the standard 
deviations for these peaks are very small, i.e., 4 nm for 
the peak at 704 nm and 1 nm for the peak at 727 nm. 
Examination of Figures 10, 11 and 12 reveals that 
the same relationships exists for Fe and the dolomitic 
phases as for the most intense peak at 655 nm. There 
are three distinct populations (Fig. 10) based on Fe 
concentrations: breccia < (zones 4 and 6) < zone 5. 
Luminescent intensity (integrated peak area) is virtually 
unchanged, although Fe concentrations range from ap-
proximately 550 ppm to more than 29,000 ppm. There 
appears to be a slight increase in peak intensity with 
increasing Mn content (Fig. 11). Finally, there is a 
more obvious decrease in peak intensity with increasing 
Fe/Mn ratio (Fig. 12). Even in the latter case, peak 
intensity increases by only about 3x while the Fe/Mn 
ratio increases approximately 25x. Examination of Fig-
ures 13, 14 and 15 suggests essentially the same rela-
tionships to Fe, Mn and Fe/Mn ratio for the peak in the 
vicinity of 727 nm; however, the trends are less obvious 
because of the low intensities of these peaks. 
The source(s) of the shoulder peaks are of interest. 
It is possible that these peaks have been observed previ-
ously in Mn-activated carbonates, but were not reported 
as Mn peaks. For example, one of the figures (Fig. 5) 
presented by Machel et al. (1991) shows the presence of 
additional peaks in the range from about 650 to 730 nm. 
Other possible causes of the shoulder peaks include the 
presence of Fe and Mn in higher valence states. Al-
though most workers believe that the ore-forming fluids 
were reducing in character (based on the presence of 
sulfide minerals, organic matter, etc.), there is local 
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Figure 10. Plot of Fe (ppm) vs. peak area at 704 nm 
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Figure 11. Plot of Mn (ppm) vs. peak area at 704 nm 
for dolomitic phases. 
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Figure 12. Plot of Fe/Mn vs. peak area at 704 nm for 
dolomitic phases. 
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Figure 13. Plot of Fe (ppm) vs. peak area at 727 nm 
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evidence for oxidation (such as iron oxide enrichment of 
rinds on breccia fragments). The z.oned dolomite was 
deposited from the same fluids that produced these al-
tered rinds and deposited ore minerals in these districts. 
Mariano (1988) found a broad band at about 700 nm 
for orthoclase, which he attributed to Fe3 +. In a similar 
study of plagioclase, Mariano (1988) found a broad band 
at about 710 nm, which he attributed to Fe3 +. Although 
Fe2+ is generally considered to act as a quencher in car-
bonates, the possibility exists that Fe (or Mn) in a higher 
valence state may be responsible for the shoulder peaks 
detected in the 700 nm region of the carbonate spectra 
reported here. Finally, the rare earth elements are 
known to be present in carbonates and to produce multi-
ple peaks over a wide spectral range (Marshall, 1988; 
Machel et al., 1991). 
A question arises concerning the structural positions 
of Mn and Fe in the Right Fork carbonates. Mn can en-
ter both the Ca and the Mg sites in dolomite, producing 
two peaks in the visible spectrum in the ranges from 590 
to 620 nm and 640 to 680 nm, respectively (Machel et 
al., 1991). Based on our knowledge of the trace ele-
ment chemistry (both Mn and Fe present) and the single 
major peak at about 655 nm for the samples from the 
Right Fork area, we believe that the Mn2 + is preferen-
tially located in the Ca2+ sites and that the Fe2+ is 
preferentially located in the Mg2+ sites . 
Relationships between Fe, Mn, Fe/Mn and the 
broad band(s): Based upon spectral decompositions, 
the broad band in the vicinity of 460 run consists of 2 
bands (or peaks) in the vicinity of 439 nm and 546 nm 
for dolomite and breccia fragments (note that these peaks 
occur in the vicinity of 418 run and 476 nm for unz.oned 
calcite, but they are not shown here). The relationships 
are illustrated in Figure 16 (for Fe), Figure 17 (for Mn) 
and Figure 18 (for the Fe/Mn ratio). Figure 16 reveals 
a similar relationship between the phases and Fe concen-
trations as observed previously: breccia < (z.ones 4 and 
6) < zone 5. Figure 17 seems to suggest a slight de-
crease (not increase) in peak intensity with increasing 
concentration of Mn. Figure 18 suggests that there is 
little, if any, relationship between the intensity of this 
band and the Fe/Mn ratio. 
The same general relationships exist for the peak in 
the vicinity of 546 nm. Figure 19 shows the same Fe 
populations and a general decrease of peak intensity with 
increasing Fe concentration. Figure 20 shows a slight 
decrease in peak intensity with increasing Mn concentra-
tion. Figure 21 seems to suggest that peak intensities 
may increase with increasing Fe/Mn ratio up to about a 
value of 10, but that the peak intensities decrease as the 
Fe/Mn ratio increases beyond 10. 
The nature and origin of these bands is not known. 
Their intensities seem to be only vaguely .related to such 
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factors as the concentrations of Fe, Mn. As noted pre-
viously, less common activators, such as Zn, interstitial 
Mn, or rare earths might be activators in this region of 
the spectrum (Amieux, 1982). Note that Fe2+ produces 
a peak at about 550 nm in plagioclase (Mariano, 1988). 
Chapoulie (personal communication, 1994) suggests that 
the capture of an electron by CC>j-might result in a 
band in the 400 to 500 nm range. Machel et al. (1991) 
present an extended discussion of the effects of activa-
tors and quenchers on the dull luminescence in the 400 
to 500 nm region. 
Relationship between total intensity and the 
Fe/Mn ratio: As a first approximation, one might as-
sume that the intensity of the Mn peak in the vicinity of 
655 nm is responsible for the visual intensity of the 
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luminescence observed for the z.oned dolomite and 
breccia fragments. But, does the eye respond to just the 
intensity of the Mn-activated peak at 655 nm or to the 
sum of the intensities of all the visible wavelengths 
present in an individual spectrum? The intensities of the 
peak in the vicinity of 655 nm with respect to Fe/Mn 
ratios were shown in Figure 6. Figure 22 shows a plot 
of total peak area (the sum of the integrated intensities 
for all peaks) vs. the Fe/Mn ratio. A comparison of 
Figures 6 and 22 suggests that the data plotted for rone 
5 (which has the highest Fe/Mn ratios and lowest re-
corded intensities) appear to fit a straight line slightly 
better when the total peak area is used. Calculated r2 
values (see Table 3) are: 0.45 for the peak area at 655 
nm vs. Fe/Mn ratio and 0.49 for the total peak area vs. 
Fe/Mn ratio (see Table 3). 
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Conclusions 
(1) The CL spectra for dolomite and dolostone 
breccia fragments from the Right Fork area in the cen-
tral Tennessee zinc district (U.S.A.) appear to consist of 
a very broad peak in the vicinity of 460 nm and a more 
intense peak in the vicinity of 655 nm. Spectral decom-
position of several spectra obtained for samples from the 
Right Fork area suggest that the spectra consist of five 
p6iks at approximately 439, 546, 655, 704 and 727 nm 
for roned dolomite gangue and dolostone breccia. Simi-
lar peaks were noted at 418, 476, 619, 696 and 724 nm 
for unzoned calcite gangue. 
(2) Individual peak intensities appear to be related 
to one or more of such factors as the concentration of 
Fe, the concentration of Mn and/or the Fe/Mn ratio. 
The best statistical relationships were between: a) the 
intensit1 of the calcite peak at 619 nm and the Fe/Mn ratio (r = 0.96); b) the calcite peak at 619 nm and the 
concentration of Fe (r2 = 0. 73); c) the intensity of the 
dolomite peak at 655 nm and the Fe/Mn ratio (r2 = 
0.45); and d) the total intensity (the integrated area 
under all peaks) and the Fe/Mn ratio (r2 = 0.49). 
(3) Fe concentrations in dolomitic phases and un-
roned calcite appear to fall into four distinct populations: 
calcite < breccias < (rones 4 and 6) < rone 5. It ap-
pears that the concentrations of Fe and Mn in the 
breccias that host the zinc ore were too low to have 
influenced the chemistry of the fluid(s) from which the 
gangue dolomite was deposited. More likely, the ore-
forming fluids altered some of the breccia fragments, 
adding Fe and Mn to their outermost rinds. 
( 4) The two small peaks in the 700 nm range for 
z.oned dolomite and breccia (and calcite) show a general 
increase in intensity with decreasing Fe/Mn ratio. These 
peaks, which do not appear to be artifacts, might be due 
to the presence of additional Mn2+ peaks or to the pres-
ence of Fe and/or Mn in higher valence states. 
(5) Peaks which appear to have the same relative 
brightness visually varied by as much as three times in 
intensity when measured with the spectrograph. Caution 
should be used when assigning relative intensity terms 
(on a visual basis) to individual z.ones, even when they 
are in the same field of view. 
Comments 
Previous workers have used several techniques to 
excite and to study luminescence in minerals, including 
cathodoluminescence, thermoluminescence, photolumi-
nescence, roentgenoluminescence, electroJuminescence, 
etc. (see Marshall, 1988; Machel et al., 1991; Remond 
et al., 1992, for extended discussions of these techniques 
and their application to minerals). Many of the reported 
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studies were conducted before instruments such as the 
Synchrotron X-ray fluorescence analyzer, ion micro-
probe, PIXE (proton microprobe), etc., were available 
for use; hence, it was not possible to determine the pres-
ence of elements in concentrations below their detection 
limits. For trace elements present in concentrations 
slightly above the detection limit, the analytical preci-
sions were often ± 50 to 100 % of the value determined. 
The information presented in this paper was deter-
mined for samples from a relatively small mineralized 
area. Similar information about the chemistry and lumi-
nescence of zoned gangue minerals will provide a better 
understanding of the nature of ore-forming fluids, the 
minerals which are deposited from them, and the rela-
tionships in time and space between adjacent ore de-
posits. 
The time has come to restudy the effects of trace 
elements on the luminescence character of minerals 
using the best analytical methods available. 
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Discussion with Reviewers 
G. Remond: Although some uncertainty results from 
the spectral decomposition procedure applied to wave-
length space instead of to energy space, in my opinion, 
the choice of a Gaussian fitting function is probably a 
more important uncertainty in the data reduction than the 
choice of the wavelength or energy scale. There is ab-
solutely no physical reason to justify that the CL peaks 
or bands are Gaussian-shaped, and the shape is probably 
intermediate between Gaussian and Lorentzian. The 
proportion of Gaussian relative to the Lorentzian will 
depend on the physical width of the peak with respect to 
the instrumental width. We have shown that a wave-
length dispersive X-ray peak is more accurately de-
scribed when using a linear combination of a Gaussian 
and a Lorentzian (pseudo-Voigt) function rather than by 
using a single, Gaussian function (G. Remond et al., 
1993, Spectral decomposition of wavelength dispersive 
X-ray spectra: Implications for quantitative analysis in 
the electron probe microanalyrer: Scanning Microscopy 
Supplement 7, 89-132). For X-ray spectra exhibiting 
peak interferences, we observed that the number of fea-
tures to be used in the fitting procedure was different 
when varying the proportion of Gaussian and Lorentzian 
between a pure Gaussian and a pure Lorentzian. The 
important result was that the relative intensities (peak 
areas) of the two X-ray emissions to be isolated remain-
ed constant within an error of ± 5 % . It is tempting to 
extrapolate this observation to the case of CL emission 
spectra; however, an additional source of error still 
exists for the case of CL spectra because of the exist-
ence of the background (continuous emission underlying 
the peaks and bands) which is not included in the fitting 
procedure. But who knows the nature of CL continuous 
emission? 
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Based on all the considerations mentioned above, I 
suggest that you be aware of the limits of the procedures 
used. Your aim is not to study the physical mechanisms 
involved in the analyzed emission, but only to obtain the 
maximum of information from your spectra for analyti-
cal purposes. 
Authors: We appreciate and agree with your comments 
concerning uncertainties regarding spectral decomposi-
tion and the choice of Gaussian versus Lorentzian fit-
ting, or some intermediate between the two. We are in 
total agreement with your comments in the second para. 
